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Betula (spring) Ambrosia (fall)

Scaling from climate to pollen counts



Allergen ecotypes
 

in a changing climate

•captures regional climate variation  
•considers genetic match of populations to local environment 

•relevant scale for public health analysis

PRISM:  Regional Average Precipitation, Max T in New England



Common ragweed 
 Ambrosia artemisiifolia
 

L. 

• North American native weed
• highly allergenic pollen, Amb-a1 protein
• primary pollen allergen during Fall
• Ecological significance
• disturbance indicator past/present
• drought, high temperatures
• mono-dominance, crop pest

• Outlook for next century
> growth (Stinson & Bazzaz 2006)
> reproduction (Stinson & Bazzaz 2006)
> pollen output (Wayne et al., 2006)
> flowering season (Rogers et al., 2008)



Three‐Phase Research Plan

I.
 
Regional model of present‐day ragweed 

 allergy risks (2010‐2011)

II.
 

Climate space envelope for breadth of 
 ragweed pollen response (2011‐2012)

III.
 

Map of future allergy “hotspots”
 

based on 
 experimental and regional data (2012‐2013)



Relates climate, land cover, census data to the following 

 pollen risk factors:

Abundance of atmospheric pollen

» Burkard ® pollen traps (population‐to‐landscape)

Timing of onset, peak, and duration of pollen season

» Flowering and abundance of ragweed populations

» Local settlement traps, vacuum samples

Allergen Potency

» Molecular [Amb a1] allergen assays

Phase I. Regional modeling



High resolution pollen counts

•24 hour time series
• weekly collection
• Aug 1 – Oct 31
• laboratory stain and 
pollen grain count



Climate‐pollen correlations

total pollen abundance/timing
Amb a1 allergen potency
 pollen risk factors in the field

Boston-to-Berkshires as regional climate proxy



Ragweed distribution survey

GIS based random sample of land cover/climate combinations



Presence/absence field methods

20 x 20 m plots SE

NENW

SW

% cover measurements of
• Ragweed
• Lawn/Garden
• Bare Soil
• Agriculture
• Right of Way/Edge
• Pavement/Buildings
• Forest habitat

random GPS point



10+ populations per climate 
zone/trap
 flowering time/duration
 plant population growth
 allergen assays
 pollen output per plant

Population biology and remote 
 sensing

Remotely sensed with 
GIS, GoogleEarth® and 
traditional maps of likely 
habitat



Modeling regional allergy risk
 

Risk factors measured by each dataset, and scales of field and predictor data.
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Risk Factors i,ii ii,iii i,ii,iii iii i ii ii

Geographic scale  
local sample points yes yes yes yes  -  -  - 
populations  - yes yes yes yes yes yes

Predictor variables
temporal weather data yes  yes * yes  - yes yes  - 
geographic climate  -  yes yes yes yes yes yes
land cover  - yes yes yes yes yes yes

(i) timing, (ii) abundance, (iii) potency



Human exposure: US Census data

Presenter
Presentation Notes
We have also obtained US census data for our study areas so that we can apply spatially explicit data on human demographics to analyze these risk factors in a human exposure context.



CART analysis for Massachusetts
 presence/absence with GIS predictor data

Variable Importance of Pruned Tree
1   Latitude     100.00
2   Temperature      68.84
3   Longitude      61.11
4   Population per Sq Km      32.83
5   Median Income Household   23.31
6   Land Cover      20.39

Presenter
Presentation Notes
Some preliminary data from the first year of these activities is shown here:  

This is a classification and regression tree for the presence/absence of ragweed data in Massachusetts from the first year of the survey (incomplete survey).  In this first model, we’ve included climate, GIS, and human demographic data and you can see that the main driver of presence/absence is indeed climate, with occurrence of ragweed higher in mean max temps over 27.5 C.   After temperature, latitude and longitude become important – based on the maps of climate I showed you you’ll remember that these are strongly correlated, but we also have to keep in mind that this is an urban-rural transect (495 interstate ring)  and that longitude is probably reflecting a combination of these.  The var importance plot further shows the combined relationships between ragweed presence and land cover, human population density and household income.



CART analysis for Massachusetts  
 presence/absence with GIS and field data

Variable Importance of Pruned Tree
1    agricultural     100.00
2    bare soil      72.65
3    temperature      63.82
4    longitude      59.24
5    farmer %  45.58
6    population / Sq Km      45.51
7    latitude   36.01
8    median Income Household     9.46

Presenter
Presentation Notes
In the second analysis, we have included our local, onsite as well as field measurements of site characteristics and land cover along with GIS, climate, and census data.  In this case, agriculture, and then soil disturbance emerge as important determinants of ragweed.  No surprise given its status as a major crop pest;  again we see longitude and temperature appearing as important in this analysis as well.



Presenter
Presentation Notes
While these models are far from complete, you can begin to imagine how our combined field and GIS approach will work nicely with both nationally available data as well as local/state maps.  The goal is to spatially link our field data to several possible determinants and provide a list of pollen risk predictors that can be used from town-to-regional scales.
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Phase II. Climate space envelope
Open‐top Chamber Experiment  (2011) 

CO2 

 

x precipitation treatments
– Ecotypes from NY‐VT transect (seed collecting 2010)

– Stand‐alone dataset, also informs predictive model
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•Amb a1 potency
•Pollen output
•Flowering time and duration



Phase III. Future allergy hotspot maps 
 (2012‐2013)

• High resolution pollen 

 counts

• Local and regional data

– ragweed populations

– land cover

– climate

• Overlay with IPCC and 

 other future scenarios
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